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Embryogenesis and Plant Regeneration From Microspores 

The present invention relates to methods for producing embryos and 
regenerating plants from cultured microspores. 

Background of the invention 

Doubled haploid plants can be generated from haploid plants or cells in which 
the chromosome number is doubled ro the normal somatic aumber(2/i) by duplication. 
Methods for production of haploid and doubled haploid plants have application lo 
plant breeding and transgenic plant production. 

The inducrion of microspore division leading to embryogenesis has application 
to large-scale haploid and doubled haploid plant production, Methods are known 
which induce formation of embryo-like structures from microspores in which 
genotypes within a species can be induced to produce large numbers of haploids. 
However^ the regeneration of green plants from such embryos has been problematic 
using known methodology, Genotypes of some monocotyledonous species such as 
cereals produce albino plants from embryo-like structures. Conventional isolated 
microspore culture techniques have not led to consistent embryo regeneration, and 
disadvantageously result in the production of a high proponion of albino plants. 

U.S. Patent No. 4,S40,906 (Hunter) teaches a method of plant regeneration 
from barley microspores incubated at 25 °C for 28 days in a sugar-conraining culture 
medimn following 28 days of cold pre-irearment. The method disclosed results in 
wide variation in the rate of green plantler formation from microspores, ranging 
anywhere from about 30 to about 200 green piantleis fomied per 100 anthers cultured. 
There is clearly a need for an improved method that consistently produces high yields 
of green plantlets from isolated microspores. 



U,S, Paiem 5,445,961 (Genovesi et al.) discloses a method for embryogenesis 
of microspores using a pretreairaem of sugar alcohol and cold (about lO^C) which 
also requires colchicine, a chromosome doubling agent. This preireaiment is followed 
by microspore isolation and growth on cuhure medium. From 2 to H 5 embryoids 
were produced for every 10^ microspores incubated according to this method. 
Transformaiion of microspores after ireaimem with a chromosome doubling agent 
would be less likely to result in homozygous iransformants than if transformation 
were to occur prior to chromosome doubling. However, no nransgenic transformation 
of microspores is disclosed in this document. 

The haploid single-celled microspore is an attractive target for mutation, 
selection, and transformation. When transformation is performed at the Gl phase of 
the nuclear cycle, genetically homozygous plants are produced which include 
transgenes introduced prior to division. Yao eial (Genome 1997:40:570-581) treated 
highly inducible barley microspores of the genotype Igri with mannitol, followed by 
biolisiic bombardment to transform the microspores. However, the regenerated plants 
were largely heterozygous for the transgene. 

Jahneer fl/, (Theor Appl Genet. 1994;89:525-533) describes a method of 
using barley isolated microspores for particle bombardment. From cold pretreated 
spikes, microspores were quickly isolated and maintained at about 24 C for 1 hour 
prior to bombardment with a transgene. An average of 82 green plants per 10^ 
microspores were produced according to the disclosed method, and only one 
transgenic plant formed for every 2.8 x 10^ microspores. 

Methodological conditions which contribute to successful methodology for 
embryogenesis, and plant regeneration include donor plant growth, pre- treatment, 
culture medium components, such as sugar type, nitrogen source and balance, 
hormones, and medium density and osmolality. However, a method resulting in a 
high rate of embryogenesis, and successfiil production of high numbers of green 
plants has not been disclosed, A methodology is required which employs a optimal 



and synergisiic combination of ihe above-noted condixions, resulting in a high 
production rate of green plants from microspores. Such an improved method would 
be labor saving, and of higher efficiency than conventional methodology, thereby 
reducing production costs. 

Arabinogalactan proteins (AGP) are plant proteoglycans present in a diverse 
number of plant tissues which may have regulatory functions in plant cell 
reproduaion processes. Previous reports have illustrated positive effects of 
arabinogalactan proteins on somatic embryogenesis in Picea cjife5(Norway Spruce) 
and in Daucus caroca L (see, for example Egensdoiter et al. Physiol Fiam 
1995;93:334-45; and Kreuger et dX. Plama 1993;189:243-248). Kawaguchi et al. 
(Plant Journal, 1996;9(6):777-785) describe a tetrasaccharide similar in struciure to 
arabinogalactan protein, which accumulates in rice anthers in a stage-specific manner. 
The effects of AGP on embryogenesis and plant regeneration from microspores has 
not been evaluated. 

European Patent Publication No. 0 455 597 A 1 (Sandoz Ltd) discloses a 
method for stimulating grov/th of Daucus carota L cells plants in in vitro culture. 
This publication describes the stimulation of grovnh by adding AGP to culture 
medium at a level of from 0.01 to 100 mg/L. However, AGP was not used or 
assessed for efficacy in inducing embryogenesis of microspores. Additionally, no 
transformation methodology or staging of cells in cuimre is taught. 

There is a need for a method of embryogenesis which results in the production 
of green plants with a high success rate. 

There is also a need for an effective method of plant transformation firom 
embryogenic induction of microspores, which provides an effective pre-treatment to 
synchronize microspores and holds them at the Gl phase of the cell cycle prior to 
Transformation, thereby increasing the production of homozygous transformants. 



Ir is an objecr of the invention to overcome disadvantages of the prior art. 
The above object is met by the combinations of features of the main claims, the sub- 
claims disclose further advantageous embodiments of the invention. 



SUMMARY OF THE INVENTION 

The present invention relates to methods for producing embryos and 
•regenerating plants from cultured microspores. 

According Lo this inveniion, there is provided a method of embryo produaion 
comprising the steps of (a) harvesting a microspore-coniaining plant segment from a 
donor plant; (b) incubating the segment under pre-treatraent conditions to maintain a 
substantial portion of microspores at a uninucleate cell cycle Gl phase; (c) isolating 
microspores from the segment; and (d) incubating said isolated microspores in an 
induction medium comprising arabinogalactan protein to induce embryogenesis. 
thereby producing embryos. 

Further, the invention provides a method of plant regeneration from 
microspores comprising the steps of (a) harvesting a microspore-containing plant 
segment fi-om a donor plant; (b) incubating the segment under pre-treatment 
conditions to maintain a substantial portion of microspore uninucleate cell cycle Gl 
phase; (c) isolating microspores from the segment; (d) incubating the isolated 
microspores in an induction medium comprising an auxin to induce the production of 
embryos; (e) incubating the embryos in a differentiation medium lo produce 
differentiated embryos; and (f) regenerating plants from the differentiated embryos. 

The present invention is also directed to the production of an embryo that is 
prepared by the above method, and to a plant produced from this embryo. 

This invention pertains to a method of inuoducing a gene of interest into a 
microspore comprising introducing a generic construct comprising the gene of inierest 



imo the microspore folIo>,ving :he steps of pretreatmeni and isolaiion. Methods for 
imroducing ihe genetic construci imo the microspore comprise panicle bombardmenr 
QT Agrobacrerium mediated transformation. Furthermore, the present invention is 
directed to a transgenic microspore prepared by this method, and to a transgenic 
embryo and transgenic plant produced from this transgenic microspore and nansgemc 
embryo, respectively. 

Advantageously, the method is efficient and labor saving as compared with 
known microspore cultiire and anther culture procedures. The higher success rate for 
green plant production according to the invenuve method will result in cost savings. 
A fiinher benefit of the inventive meihodology is a reduction in the number of albino 
plants produced. 

Advantageously, the inventive method is effective across genotypes, 
illustrating the absence of a strong genotype effea. The synergistic combination of 
faaors resuh in a versatile method which may be applied to many types of plants. 

Advantageously, the removal of the anther wall during microspore isolation 
allows for bener nutrient availability to microspores during induction, differentiation 
and regeneration steps. The use of an the embryo suppon during regeneration 
facilitates observation of the embryos placed thereon. The use of a support also 
promotes growth and facilitates the transfer of embryos to different media or 
treatments. 

The pre-treatmem maintains a large population of uniformly staged haploid 
microspores formed according to the method of the invention provides better targets 
for mutation, selection and transformation of plants. Using the inventive method, 
uransgenic plants may be formed from microspores following pre- treatment by any 
conventional transformation method, such as bombardment with a transgene. 
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A pre-treaTmem lo maimain microspores at a common stage of the cell cycle 
allows produaion of large number of embryos and regenerated plants from isolated 
microspores The combination of cold plus sugar alcohol during the pre-treatment 
permits a much shoner ireatmem duration than using just cold tieatmem alone. 
5 Nearly all genotypes respond to this combined cold and sugar alcohol ueaimem. 

The use of the combined cold plus sugar alcohol pre-n-eatment not only 
induces large numbers of embryoids bur also tends to synchronize microspore cell 
divisions, thus leading to a more uniform microspore population. The likelihood of 
10 nuclccir division diiring prc-ireatment is reduced using :hc combined cold and sugar 
alcohol pre-treatmem. This could be valuable for meihodologies involving 
microspore transfoimation, testing expression of gene consiruas, m viiro selection, or 
other microspore uses. 

15 The use of arabinogalactan protein during induaion of embiyogenesis results 

in an increased yield of microspore embryos from pre-treated plant segments, thereby 
enhancing the efficiency of the method for embryo gene sis. 

This summary of the invention does not necessarily describe all necessary 
20 features of the invention but that the invention may also reside in a sub-combination 
of the described features. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



These and other feaixires of ihe invention will become more apparent from the 
following description in which reference is made to the appended drawings wherein: 

5 

FIGURE 1 is a flow diagram representing a method according lo an embodiment of 
the invention. 

FIGURE 2 is an illustration of uninucleate microspore development stages for liming 
10 of collection of plant segments. The lower figures arc DAPI stained 

microspores at the mid- or late uninucleate stages, when material is collected 
as described herein. 

FIGUM 3 shows the isolation and plating of microspores. Figure 3(a) shows the 
1 5 filtering of microspores through cheesecloth. Figure 3 (b) shows the 

microspore pellet in the tube after cenrrifugaiion. Figure 3(c) shows the 
placement of microspores on filter paper by vacuum filtration, 

FIGURE 4 illustrates embryo development of barley c.v, Igri. microspores on filter 
20 paper in the absence of AGP. Figure 4 (a) shows embryos at 3 weeks after 

initiation of ctiltuxes on filter paper. Figure 4 (b) shows embryos at 5 weeks 
after initiation of cultures on filter paper. 



FIGURE 5 shows embryo development in wheat and barley. Figure 5 (a) shows 
25 embryo development in wheat c.v. Bob "White at 4 weeks with (left hand 

plates) and without (right hand plates) ovary co^culture, and in the presence 
(top plates; 10 mg/L) and absence (bonom plates)of AGP, . Figure 5 (b) 
shows barley embryo development in the presence of 1 0 mg/L AGP (left hand 
piate). or the absence of AGP (right hand plate). 



30 
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FIGURE 6 illustrates good embryo developmenx in wheat after 4 weeks in culture 
with AGP and ovary co-culture. Figure 6 (a) embryo development of wheat 
culture. Figure 6(b) isolated embryos. 




DESCRIPTION OF PREFERRED EMBODIMENTS 



The present invention relates to a method for embrvogenesis and a method of 
plant regeneration from microspore culture. These methods are described herein 
below in more detail with reference to Figures 1 to 5. Examples of cereal plant 
embryogenesis and regeneration are described in further detail, but the invention is 
not to be limited lo cereal plants. 

The following descripiion is of a preferred embodiment by way of example 
only and wirhom limiiation to the combioaiion of feamres necessary for carrying the 
invention into effect. 

By '"microspore-containing plant segment", it is meant any ponion of a donor 
plant which may contain microspores to be isolated. Such segments Include but are 
nor considered limited to tillers, spikes, anthers, florets, tassels or pannicles. 

By ''initial treatment"of microspore-coniaining plant segments, it is meant 
those procedures conducted after a segment is harvested, but before pre-treatment. 
Such procedures as cleaning withalcohol or bleach, and washing or incubations in 
water, as described herein below are included in iniiial treatment. 

By "pre-treaiment", it is meant those procedures conduaed on microspore- 
coniaining plant segments after initial treatment and prior to placement on, or in, 
embryogenic induction media. Such procedures include incubation under cold 
conditions in water, in a high osmotic aqueous sugar alcohol solution, or a 
combination thereof. Pre-treatment creates conditions which serve to block the 
microspore cell cycle at the uninucleate ceil cycle Gl phase, maintain substantially all 
microspores at this uninucleate stage of development, and trigger future embryogenic 
induction. The pre-treatment prepares uninucleate microspores for embryogenic 
induction by maintaining a synchronized population of microspores having from 
about 50% to 100% of the microspores at a consistent cell cycle Gl phase. 
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Three stages independemly control haploid plant produaion from 
microspores, namely the induction of embryogenesis; the regeneration of embryo-like 
sirucrures; and development of the embryo-Uke structures into green plants. To 
accomplish an effeaive produn, the conditions at each stage must be optimized. 

A variety of faaors must be controlled for effective produaion of green 
homozygous plants from microspore culture. Each factor effects one of the above - 
noted stages in haploid plant production from microspores. The factors of donor plant 
growth conditions, harvest of spikes, microspore slagging, pre-treatment, nncrospore 
isolation, induction conditions, diffcrcmiation conditions, plating of embryos, and 
plant regeneration condhions are all to be optimized for a successful approach to 
growth of homozygous plants from microspore culture. 

According to the invention, and as illustrated in the flow diagram of Figure U 
There is provided a method of producing an embryo comprising the steps of (a) 
harvesting a micro spore-containing plant segment from a donor plant; (b) incubating 
the segment under pre-treatment conditions to maintain a substantial ponion of 
microspores at a uninucleate cell cycle Gl phase; (c) isolating microspores from the 
segment; and (d) incubating said^solated microspores in an induction medium 
comprising arabinogalactan protein and amino acids to induce embryogenesis, thereby 
producing embryos. 

Further, the invention relates to a method of plant regeneration from 
microspores comprising the steps of (a) harvesting a microspore-containing plant 
segment from a donor plant; (b) incubating said segment under pre-treatment 
conditions to maintain a substantial portion of microspores at a uninucleate cell cycle 
Gl phase; (c) isolating microspores from the segment; (d) incubating the isolated 
microspores in an induction medium comprising an auxin, high glutamine levels and 
amino acids to induce the production of embryos; (e) incubating the embryos in a 
differentiation medium to produce differentiated embryos; and (f) regenerating plants 
from the differentiated embryos. 



PJam Groyjih 



According lo the present invention, it is desired that donor plants are grown in 
a conuoUed environment, which is preferably pest free, but the invention is not 
restricted to plants produced under these grovvih conditions. The following controlled 
environment growth conditions are exemplary, but are not to be considered limiting in 
any manner. 

Optimal relative humidity may range from about 50% to about 90^0, 
preferably from about 60% to about 80%. Light is provided at about 300 m-s to 
about 450 i^E m^s, preferably at about 350 i^E m^s to about 400 \xZ m-s ai pot level. 
Any acceptable source of light may be used, for example, cool-white Gro-Lox™ 
bulbs, incandescent bulbs, or a combination thereof The plants may be grown 
hydroponicaliy. 

More consistent yields of embryos and green plants arise from microspores 
produced in plants that have not ^een subject to water drought, stress or pest 
infestation, or any combinations thereof Stressed plants produced through under or 
overwatering, or pest infesiaiion, often produce microspores that respond 
inconsistently or that may fail in culmre. 

The following temperanires result in optimum plant growth. For winter 
barley, about 13 to about 1 7*C, preferably about 15X, in ihe light for a duration of 
about 15 to about 18 hours, preferably from about 16 to about 17 hoiws, per day. 
During the dark cycle, having a duration of about 6 to about 9 hours, and preferably 
from about 7 to about S hours per day, optimum temperatiues range from about 10 to 
about 14 'C. preferably about 12'C, 

For spring barley grown under a light cycle having a duration of 15-18 hours, 
preferably 16-17 hoius, temperamres may range from 16-20 'C, preferably IS'C. 
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During a dark cycle having a duration of 6-9 hours, and preferably 7-8 hours per day, 
opximum tempeiatores for spring barley range from 13-17 *C, preferably 15'C. 

For winter or spring hexaploid wheats, grown under a light cycle having a 
duration of 1548 hours, preferably 16-17 hours, temperatures may range from 16- 
25°C. During a dark cycle having a duration of 6-9 hours, and preferably 7-8 hours 
per day, opiimum temperature for hexaploid wheat range from 13-1 S'^Q preferably 
15-16'^C. 

Plants may be fertilized weekly to optimize growth. Spraying with pesticide 
near the time of colleaion is avoided, since such spraying may eliminate microspore 
response. However . plants may be sprayed at earlier stages to minimize any insect or 
fungal infestation. 

Microspore Szafin^ 

Microspore-containing plant segments, such as for example tillers, spikes, 
panicles, anthers, floreis or tassels are collected from donor plants when the oldest 
microspores are at die mid to late uninucleate stage. 

Optionally, a sample of microspores from the microspore-containing plant 
segment may be examined to ensure the appropriate stage of development. 
Descriptions of mid to late uninucleate stage can be found in publications such as 
Wheatly ex al (Plant Cell Rep 1986;5:47-49), which document is incorporated herein 
by reference. One of the clearest staging features is the locarion of che nucleus 
relative to the microspore pore (see Figure 2). In the early uninucleate stage, the 
nucleus is near the pore and by late uninucleate, it is opposite the pore. The staining 
of barley microspores with aceto-carmine or DAPI may be used lo illustrate this 
feature. Alexander's stain may be used to illustrate this feamre in microspores 
derived from wheat and maize. 



In the case wherein rhe microspore-concaining planr segmem is a riller, spikes 
are removed from the tiller sheath. Microspores derived from a floret located at the 
central pan of a spike may be examined by staging to determine stage of 
development. Microspo re-containing plant segments may then be selected having 
microspores which are close to the mid to late uninucleate stage based upon Their 
developmental similarity to those assessed by staining. Optionally, upon removal 
from the sheath, the spikes may be selected funher based on a consistent length and 
floret appearance as compared to the segment examined. 

irttUal Treamem of Microspore-ConcainifT^ Plane Seemene 

Selected microspore-coniaining plant segments having microspores which are 
in rhe mid ro late aninucleate^stage are then placed in Pen-i plates (eg. 15 x 100 mm) 
for initial treatments, prior to the pre-ireatment which is described below in further 
detail. 

Optionally, microspore-containing plant segmems may be cleaned with a 
cleaning solution. Appropriate cleaning solutions include ethyl alcohol solutions 
having from about 50% to about 80% ethanol, preferably about 70% ethanol, or 
aqueous solutions comprising about 1 0% to about 1 5% bleach (about 0.5% to about 
1,0% chlorine). 

For example, which is not to be considered limiting in any manner, cut tillers 
may be sprayed with an aqueous solution of about 70% eihanol prior to removal of the 
spikes. In barley, the awns may then be pulled off and the spikes undergo a pre- 
creaimenr, as described in detail below. In wheat, if awned, the awns may be cut off 
but not too close as exposing the inside of the floret to cleaning solutions may be 
deleterious. 

As a funher example, which is not to be considered limiting in any manner, if 
awns or spikes have emerged from the leaf sheath or if contamination is a problem. 
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spikes may be srerilized by placing them in a glass jar and covering ihem for 10-25 
minutes with a solution of about 10% bleach. Isolated anthers are not treated with 
bleach. After cleaning, the florets or spikes are rinsed well with water and residual 
moisture is allowed to evaporate before incubation in the marmitol solution. Cleaning 
may be conducted in a Flow Bench xo ensure adequately clean conditions. 

As a funher option during initial treatment, selected microspore-containing 
plant segments may undergo posr-harvesT incubation in ice water at a temperature of 
from about 3*C to about 6*C, preferably at about 4'C for a duration of up to 4 weeks, 
for example from 3 to 4 days 3 to 4 weeks. For example, spikes nxay be incubated 
in sterile water in a peiri dish (about 0.5 ml water per plate) at a temperature of about 
4'C, for about 2-4 weeks. This incubation may be conduaed, if for example, a 
segment is harvested before microspores are at an appropriate stage of development. 
Thus, the post-harvest incubation may continue until an appropriate microspore stage 
is reached for the segment to proceed to pre-treatment, which may be deieimined by 
staining. For example, tillers may be incubated in ice water until spikes are removed 
from the sheath. The post-harvest incubation period should be minimized to avoid 
microspore stage progression during this period. 

pre- Treatmam 

Pre-treaiment of microspore-containing plant segments is conducted to align 
microspores at a similar stage of development in preparation for embryogenic 
induction. Pre-treatment incorporatea cold conditions in combination with incubation 
of plant segments in sterile water or in a sxerile aqueous solution of sugar alcohol In 
some species this pre-treatment may require the addition of media macro-salts. 

Pre- treatment may last for between about 3 days to about 4 weeks, depending 
on the conditions implemented. If water is used during the cold incubation, the 
duration of pre-treatment may range from about 1 week to about 4 weeks depending 
upon species and genotypes. If a sugar alcohol solution is used, a shorter incubation 



period of from about 3 to about 5 days may be employed, Nvith 3 days preferred for 
transfoimaiion procedures. 

For pre-treatxnents in a sugar alcohol solution, the concentrauon of sugar 
alcohol may range from 0.1 raol/lher to about 1.0 mol/liter. Preferably, the sugar 
alcohol is present in a quantity of from about 0.2 mol/liter to about 0.5 mol/liter, and 
more preferably at a level of about 0,3 mol/liter. for barley or 0.4 mol/liter for wheat 
The sugar alcohol may be selected from any in the group comprising mannitol, 
maltitol, sorbitol, xylitol, or any combination thereof, and is preferably mannitol. 
Treatment of spiKes with The preferable combination of cold (4' C) plus manniiol 
incubation at 0.3 mol/liter foH days increases the yield of green regenerant plants 
from microspores. 

The-sugar alcohol is combined with the plant segments in a quantity adequate 
to partially cover segments ananged in a single layer, for example about 15 mL in a 
15 X 100 mm Petri plate. For ice water treatment of spikes, only 0.5 ml of water is 
added to a 15 X 100 nam plate. 

Petri plates are then sealed, for example with a film such as Parafilm^, and 
placed in the dark at a temperature of from about 3'C to about 6'C, preferably at about 
4"C. The incubation continues tor a duration of from about 3 to 5 days, when 
incubated in a sugar alcohol solution, and for a duration of from about 1 0 days to 
about 4 weeks when incubated in ice water, depending upon the species 

Optionally, plant segments may be incubated at room temperature following 
the method by Robens-Oehlschiger and Dunwell (I990)(about 22'C to about 27'C, 
preferably at about 25'C) in an aqueous soluiion having from about 0.2 mol/liier ro 
about 0.5 mol/liter sugar alcohol, preferably having about 0.3 mol/liter sugar alcohol. 
This incubation for up to about 4 days, preferably for 3-4 days and is an effective 
induction nigger but does not maintain microspores at the uninucleate stage. 



Microspore Isolation 
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Following pre- treatment, microspores are isolated from plant segments. If the 
plant segments are anthers, they can be vonexed for up to about 10 minutes, 
preferably for about 5 minutes, afrer which time most of the microspores m\\ be shed, 
as disclosed previously by Kasha era/. (Ia£a-SM-1 995:340/9:23-37). 

Sterilized (autoclaved) glassware and Tools should be used within a Flow 
Bench, to pick up the plani segments after pre- treatment. Segments of spikes or 
lassels with florets arc cut to reduce segment size to about 2 cm to about 3 on in 
length. Cut segments axemen combined with an ice-cold aqueous sugar alcohol 
solution having from about 0.2 mol/liter to about 0.5 mol/liter sugar alcohol, 
preferably about 0.3 mol/liter mannitol, to fonn a suspension. The suspension is 
blended at a speed adequate lo release microspores from the residual plant segment. 

If the suspension is to be blended, preferably, a chilled blender container is 
used. An adequate quantity of chilled sugar alcohol solution is added to the plant 
segments lo cover the spike segments. By way of example, eight to ten 2-rowed 
barley spikes or four 6~rowed barley or wheat spikes may be combined with about 
200-300 ml of sugar chilled alcohol solution in a blender container to provide 
sufficient microspores (500,000) for one culture plate. During blending, the plant 
segments and sugar alcohol solution are combined at low speed for up to about 1 5 
seconds, preferably about 5-10 seconds. However, the appropriate blending lime and 
speed, will vary depending on the genotype and pre-treatment, and will ultimately 
effect viabiliry. 

As an alternative to blending, a vonex isolation procedure may be used on 
isolated anthers when the number of spikes available is limited. This improves 
viability of microspores so obtained, since vonexing is less harsh than blending (see 
for example Kashas; a/. IaEA-SM-1 995:340/9:23-37). 
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The resulting microspore-comaining slurry is quickly filtered and washed (see 
Figure 3) in a solution of sugar alcohol, for example having about 0.2 mol/liier to 
about 0.5 mol/liier, preferably 0.3 mol/liter of mannitol. Caution to avoid plasmolysis 
of microspores should be employed, since embryos will not develop from 
plasmolyzed microspores. If microspore viability is below about 50%, dead 
microspores may be removed by placing the resuspended pellet on a density gradient, 
for example, a 20% maltose density gradient followed by cemrifugaiion, and the 
viable microspore fraction is retained, 

Emhrvo^enic Induction of Isolated Microspores 

Following pre- treamient and isolation of microspores, microspores are then 
induced to develop into embryos. After the final wash of the microspore isolation 
step, the supernatant is decanted and the microspore pellet resuspended in an 
induction media. The induction media optimizes the response of the plant to induce 
embryogenesis. 

The induction medium may comprise any plant culmre medium having 
adequate macro and micro salts to support viable microspores, to which an auxin has 
been added. Exemplary media, which are not to be considered as limiiing in any 
maimer for use as induction media are outlined in Table 1, These media are based on 
FHG medium, as disclosed by Hunter (1987), and MS medium, as disclosed by 
Murashige and Skoog (1962). These basic media have been modified for use with 
barley (MFHG) and wheat (MMS4) respectively. 

One possible auxin which may be added to either basic medium according to 
the invention is PAA (phenylaceiic acid), which is effective in providing an induction 
response (Ziauddin ex al. 1990). In the exemplary composition outlined in Table 1 , 
which is not to be considered limiting, the induction meditmi combines high levels of 
glutamine, maltose as the sugar and has PAA as the auxin. 
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Table 1. 

Media components 



Culture Media Composition 

f HG Media mejl MS Media mg/L 



10 



15 



20 



25 



30 





Basic 


MFHG 


Basic 


MMS4 


Macro salts 


KNO, 


1900 




lyuu 


1 /in A 
14UU 




NH,NOj 


165 


165 


IojU 






KH.FO, 


1 in 




1 

I fU 






MgS0,-7H;0 


370 


370 


370 


370 




CaCIj-2HjO 


440 


440 


440 


440 




FeSO,.7HiO 






27,8 


27.S 


Micro salts 


FeNa,-EDTA 


40 


40 


37.3 


37.3 




MnSO,-5HjO 














6.2 


6 2 


6.3 


0.3 






8,6 


5.6 


8.0 


8.0 






0.025 


0.025 


0.025 


0.025 






0.025 


0.025 


0.025 


0.025 




NaMo04 2H2O 


0.25 


0.25 


0.25 


0.25 




KI 


- 


- 


0.83 


0.S3 


Other Components 


Glutamine 


730 


750 


146 


975 




Inositol 


100 


100 


100 


300 




Thiainmi 


0.4 


0.4 


0.4 


0.4 




Niconnic Acid 


- 


- 


0.5 


0.5 




Pyroxidine 


- 


- 


0.5 


0.5 




SiiCfOse 


- 


- 


30.0 gm 


- 




Malrose 


62 gm 


62 gm 




90 gm 




Phenylacetic acid 




10 




4 




Indole acetic acid 






1.0 






BAP 


1.0 


1,0 








Kinetin 






1.0 


0.5 




AGP 




10 




10 




Agarose 






S.Ogm 






Phyragel 




3.0gm 




j.Ogm 
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if; 



The modified FHG medium (MFHG) may be used for The induction of barley 
isolated microspores while MMS4 may be used for wheat. Once the embryos show 
signs of green, boih barley and wheal are typically regenerated in the original MS 
5 medium except that the kinetin is reduced, for example, but not limited to, about 0.5 
mg/L kinetin. For the intermediate step of differentiation of embryos before 
regeneration in either barley or wheat, the appropriate induction media may be 
modified by reducing the maltose, for example, but not limited to about 30 gm/L, 
removing the au(cin, changing the inositol, for example but not limited to about 250 
1 0 mg/L, adding casein, for example btit not limited to, about 1.0 gm/L, and adding 
proline, for example, but not limited to about 690 mg/L. 

The induction media comprises an isotonic combination of salts, an amide, for 
example but not limited to. glutamine at a level of from 500 to aboin 1000 mg/liter, a 

1 5 sugar source, such as mahose, sucrose, or melobioie. or other sugars (see Hunter, 

1988), at a level of from about 20 g/liier to about 100 g/liter. Auxin may be used at a 
level of from about 2 mg/liter to about 20 mg/liter, preferably from about 2 mg/liter to 
about 10 mg/liter. Auxin may be selected from, but not limited to Paa (phenylacetic 
acid), NAA^ picloram, or 2,4-D. 2,4-D is a stronger auxin and would allow use of 

20 smaller amounts. An exemplary amount of PAA is from about 4 mg/liter to about 5 
mg/liter of induction medium. However, if 2,4-D is used, it is optimally removed 
within about 1 to about 4 hours and replaced with PAA in order to get a high 
frequency of embryo formation. 



25 Microspores are initially incubated in induction medium at a density which 

ensures adequate microspore division. By way of example, which is in no way to be 
considered limiting, a pellet containing about 500,000 barley microspores may be 
incubated on sterile and washed filter paper. Another example is 100,000 wheat 
microspores with ovary co culture on sterile and washed filter paper. 



30 
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To improve the response of microspores in ihe induaion medium 
arabinogalacian proiein, herein referred to as AGP may be added to the induction 
medium to improve the response of microspores, for example, those microspores 
isolated from cereals snch as wheat or barley. The presence of aGP in the induction 
medium improves the viability of microspores in culture, both in the presence and in 
the absence of ovaries in co-cultuxe. AGP may be added to the induaion medium at 
levels ranging from about 1 mg/liier to about 100 mg/liter of induction medium, and 
preferably in the range of about 10 mg/liter to about 25 mg/liter. In the presence of 
AGP, an incubStion period for induction of about 10 to about 14 days is optimal. 

The pH of the induction medium is adjusted to a range of from about 5.6 to 
about 6.0, preferably about 5.S. The induction medium may optionally be solidified 
by addition of about 3 g/liter of a solidifying agent such as Phytagel^ or Gelrire™ to 
the basic liquid medium. When Geh'ite'^ is used, a higher levels of antibiotic or 
herbicide is required lo achieve effective seleaion, as compared to Phytagel™ . 

For example, which in no way is to be construed as limiting, a sterilized #2 
Whatman fiher paper disc is placed on the vacuum platform of a vacuum filter flask. 
Preferably, the suppon is rinsed with a liquid au>cin-free medium such as FHG 
medium, an aqueous solution of sugar alcohol (about 0.2 mol/liter to about 0.5 
mol/liter, preferably about 0.3 mol/liter), or sterile distilled water (about 10 to about 
20 mL). Under low vacuum, about 1 mL to about 2 mL of microspores in an auxin- 
free mediiim are pipetted dropwise onto the support. 

In total, from about 500,000 to about 600,000 barley microspore embryos may 
be added to each support. For wheat microspores, a lower density of from about 
50,000 to about 200,000 microspores per support is optimal. One of skill in the art 
could easily determine the optimal density of microspores for a given cereal variety 
on each suppon. The support must be of adequate pore size to allow passage of liquid 
therethrough while maintaining microspore embryos thereon. 
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Ai this siage, it is of further advantage to include ovaiy co-culrure in the 
induaion media for wheat. If ovaries are located among the microspores in induaion 
media, embryo development improves. Ovaries may be isolated from spikes ai the 
time when microspores are at the Uninucleate stage, and are stored in the cold on 
5 moist filter paper uniil used in co-cuhure with the isolated microspores. From about 4 
to about 20 ovaries may be used per plate. In the presence of AGP, from about 4 to 
about 6 are sufficient to give good response of microspores. The ovaries are placed 
among the microspores. 

10 The suppon having microspores, and optionally ovaries for wheat thereon, is 

transferred to plates containing a solidified regeneration medium, such as the modified 
FHG (MFHG) media (for barley) or MS (MMS4) media media (for wheat) outlined in 
Table 1 having regeneration medium componenis added thereto. The plates are sealed 
using a gas-exchangeable seal, for example using Parafilm^^. More than two wraps 

1 5 of Parafilm may cause culture response failure, possibly due to lack of gas exchange. 
Alternatively, a covered small plate may be placed within a larger plate along with a 
small open plate containing drops of distilled water. In this embodiment, only the 
large outer plate is sealed. 

20 For induction of embryos the sealed plates are place in the dark at a 

temperature of from about 22* to about 30*^0, preferably about 26 ''C for barley, and 
about IS^'C for wheat, for about 2 weeks to about 5 weeks. Drops of liquid induction 
medium may be added to the plates if the filter paper suppon dries out. 

25 The microspores are plated onto a solidified induction medium, and embryos 

are grown to a size of from about 1 to about 2 mm size, which may take up to about 
four weeks. Smaller embryo structures may be left on the induction medium plate 
and a drop or two of freshly prepared induction medium are added to the plate. These 
structures may then be moved once adequate size is attained. Barley microspores may 
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aitematively be cultured on either liquid or agarose solidified FHG (MFGH) or for 
wheat, MS (MMS4) liquid or solidified media. 



Diiferenuation. 

5 

Once embryos reach a si2e of from, abou: 1 mm ro about 2 mm, chey are 
transferred from induction medium to a differentiation medium for a week or two 
until shoots and roots are developed. Differentiaiion medium comprises isotonic salts, 
and may comprise sucrose at a level of up to 50 g/liter. One possible diffcrentiaiion 

1 0 medium is outlined in Table I , and comprises MMS4 medium having about 30 g of 
maltose, about 250 rag of inositol, about 1000 mg of casein, and about 690 mg of 
proline, in addition to ihe original MS media comprising thiamine, pyridoxine, 
nicotinic acid and BaP. No auxin is present in the differentiation medium. The 
differentiation medium is adjusted lo a pH of from fboui 5.6 to about 6.0, preferably 

1 5 about 5.8. The medium is then solidified by addition of a solidifying agent such as 
PhytageF^ or Gelrite'^ ai a level of 3 g/liter. 

A solidified FHG medium without auxin could also be used as a 
differentiation medium. The original MS medium is optimally used as the 
20 differentiation medium when using selection for Basta herbicide resistance in culmre 
due 10 the low glutamine level, which is preferred for differentiation since high 
glutamine levels reduces the effectiveness of selection. 

Regenerdrion 

25 

Differentiated embryos are uansferred from the differentiation medium to a 
regeneration medium for regeneration of green double haploid plants. 
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Differeniiated embryos are placed on Gelriie solidified differentiauon 
medium, such as an MS medium, modified as shown in Table 1. 

Once shoois appear, embryos are optionaily trarisferred to a regeneration 
media based on MS medium, as outlined in Table 1 . The embryos are continued in 
the dark for about 3 days to about 4 days and then under low light intensity for about 
8 hours/day at a temperauire of from about 20 *C to about 25 'C, preferably 22 "C. 
Small piantlets (about 3 cm to about 4 cm tail) are transferred onto MS regeneration 
media without hormones in large vials or vessels to allow plants to grow. Once a 
plant has about 3 to 4 leaves, it is placed under strong light for conditioning for about 
2 days to about 5 days. After about 2 days to about 5 days, small plants are 
Transferred to soil or potting media in pots. 

Tramformanon 

Transfonnation of a plant with a gene of interest may be accomplished using 
the method as described herein, by incorporating the step of introducing a transgene 
into microspores after the pre-treatment. Because the pre-treatment brings 
microspores to a stage in the cell cycle prior to nuclear division, the addition of a 
transgene at this stage would allow for later duplication and division of the transgene, 
thereby leading to doubled haploid plants which are homoaygous for the transgene. 
To test for transfonnation, any suitable detectable marker n\ay be associated with the 
transgene, for example a herbicide resistance gene such as Bar (Jahne ei al 1994; Yao 
er al 1997) or an antibiotic resistance gene may be used. Alternatively, a visible 
marker such as green fluorescent protein (GFP) may be used (Carlson 1998). 

Transformation of microspores may be carried out using established methods 
involving either panicle bombardment (e.g. Jahne ei ai. 1994; Yao et al, 1997; 
Carlson 1998; Yao and Kasha 1998; all of which are incorporated herein by reference) 
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or Agrobaaerium mediated transfonnation (e.g. WO 96/294 1 9; or EP 0 73 7 73 8 • 
which are incorporated herein by reference). Preferably pretreated, freshly isolated 
microspores are used for transformaiion. Using the methods as described herein 
increased iransformanon frequencies have been observed. By using :he process of 
5 combined cold and sugar alcohol preireaimeni as descr'bed herein, microspores are 
maintained at the uninucleate Gl phase thereby permining the production of 
homozygous transgenics. 

By "gene of interest" it is mearit any gene that is TO be expressed wiihin a host 
1 0 organism. Such a gene of interest may include, bm is not limited to, a gene whose 
0 product has an effect on plant growth or yield, for example a plant growth regulator 

;j7 such as an auxin or cyiokinin and their analogous, or a gene of interest may comprise 

;^ a herbicide or a pesticide resistance gene, which are well known within the art. A 

j y gene of interest may also include a gene that encodes a pharmaceutically active 

''^ 15 protein, for example growth factors, growth regulators, antibodies, antigens, iheir 

\^ derivatives useful for immunization or vaccination and the like. Such proteins 

include, but are not limited lo, interieukins, insulin, G-CSF, GM-CSF, hPG-CSF, M- 
CSF or combinations thereof, interferons, for example, interferon-a, imerferon-B, 
S interferon-t, blood clotting factors, for example, Factor VIII, Factor IX, or tPA or 

20 combinations thereof. A gene of interest may also encode an industrial enzyme, 
protein supplement, nuiraceutical, or a value-added product for feed, food, or both 
feed and food use. Examples of such proteins include, but are not limited to 
proteases, oxidases, phyiases, chitinases, invenases, lipases, celluiases, xylanases, 
enzymes involved in oil biosynthesis etc. 

25 

Methods of regenerating whole plants from embryos are also known in the an. 
In general, transformed microspores are cultured in an appropriate medium as 
described herein, which may contain selective agents such as antibiotics, where 
selectable markers are used to facilitate identification of transformed microspores, to 
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produce transgenic embryos. Transgenic embryos are readily grown imo transgenic 
plants 

The above description is not intended ro limit the claimed invention in any 
manner, funhermore, the discussed combination of features might not be absolutely 
necessary for ihe inventive solution. 

Examples are provided below which describe panicuiar embodiments of the 
invention. The examples are not to be -construed as limiting, but rather the invention 
encompasses such modifications to the exemplified embodiments as would occur to 
one skilled in the art. 



The following procedure is used to isolate microspores from a slurry obtained 
by blending or vonexing plant segments. The slurry is filtered through cheese cloih 
or a coarse nylon membrane (Figure 3 A). The filtrate is colleaed and may be re- 
fihered through a nylon mesh, of for example 100 jum mesh, into a centrifuge tube. 
The centrifuge tube is then centrifiiged under condiiions adequate to pellet the 
microspores (Figure 3B), for example which is not to be considered limiting in any 
manner, at about 900 rpm for 5 minutes. About 0.15 ml of pellet may yield 
approximately 500>000 barley microspores. The microspore pellet is resuspended in a 
cold aqueous solution of mannitol (about 0.2 mol/liter to about 0.5 mol/liter, 
preferably 03 mol/liter mannitol) and is washed until che wash supernatant does not 
show a green tinge. For exampk, 2-3 washes may be employed for this purpose. The 
pellet is then suspended in induction medium and drop by drop filtered onto the filter 
paper using vacuum filtration (Figure 3C). 



Example 2 
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Embryogenesis from thirty different barley genorypes was conduaed 
according lo Uie procedure in accordance with the present invention. Between 1 0^000 
:q 15,000 embryos were usually produced per plate. Table 2 illustrates some counts 
of enabiyos based on an average of three replications (plates). Not all thirty genotypes 
were counted. However, response of each^genotype was judged on the basis of the 
appearance of plates after two weeks and again after 4 to 5 weeks. Random samples 
of 500 embryos were taken from the cotmied pUtes and placed on regeneration media 
to estimate the embryo regeneration ability. As seen in Table 2, the number of 
regenerams ranged firom 36 to 97%. Figure 4 illustrates barley c.v. Igri embryo 
development at 3 weeks (Figure 4(a)) and 5 weeks (Figure 4(b)) on filter paper placed 
on solidified induction media. 
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Table 2: Embryo induciion and regeneration following pretrcaimem of various 
genotypes in barley 



Genotype 


Pretreatment 


Embryoids'^ 


% embryoid 
Regeneration 


Igri 


28d cold. 4;t 


13136 


85Vo 




4d0.3M. man. 4*C 


12380 


97% 




4d OJMinan. 25'C 


13504 


88% 


QBC 782 


3d0.3Mman. 4'C 


14496 


n.a. 


GBC 783 


3d 0.3M man. 4*C 


11360 


n,a. 


Harrington 


3d 0.3M man, 4'C 


5533 


36% 


Lina 


2 Id cold 4'C 


15377 


77% 




7d0.3Minan4'C 


8921 


81% 


Oxbow 


21 dO.jMman. 4'C 


10810 


58% 


Manley 


4d 0.3M man. 4'C 


11360 


74% 


GBC 777 


4da3MiTian. 4*C 


14133 


89% 


GBC 778 


4d OJMman. 4'C 


7667 


84% 



*Embryo numbers aie :he average from 3 plares while % regeneration is based on 
shoots formed on 500 embryos per plate. 



20 Barley genotypes Igri, GBC777 and GBC778 are winter growth habit while 

the remainder in Table 2 are spring habit genotypes. Hanington, Manley and Oxbow 
are the predominantly grown 2-row malting barleys in Canada at present. Igri and 
Lina are of European origin. Lines GBC 777 and 778 are 6-row barley. 

25 Three different pre- treatments were compared within the genotype Igri and no 

apparent differences were observed relative to embryo induction or regeneration 
(Table 2). Lina normally responds well in microspore culture following a mannitol 
pre- treatment, but in this study usmg the combination of cold plus mamiitol for 7 
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days, response was low. Thus, embryo formaiion was also coumed in Lina when a 21 
day cold pretreamient had been used and this response \vas more lypical of Lina 
(Table 2), The rcgeneratioa response from the two preureatmeni methods on Lina 
was similar. The frequency of fertile doubled haploids among the Lina progeny 
5 following Lhe two preireatments was nox different, namely 79% after the combination 
7-day ireaimeni and 83% after ihe 21 day cold pretreaTment. 



The response from Harringion was also low in both embryo formaiion as well 
as in overall perceniage regeneration, but has since been observed xo be improved. 
1 0 The response of Oxbow showed that at The shoner times of pre-ireaxmem, good 

response was observed, but the induced siruciures mostly became callus. However, 
when the longer pretreaimem was used as shown in Table 2, the response wa^ mostly 
embryogenic and resulted in an acceptable rate of overall regeneration. This response 
is typical of Oxbow, possibly due xo a higher endogenous auxin level. 

15 

The 6-row winter habit genotype GBC777 was unusual in that it only 
produced about 5% green plants, the remainder being albino. Even at that low rate, it 
would still be possible to obtain about 500 green plants per plate if ail embryos were 
regenerated. Although such a procedure would be laborious, it would be possible to 
20 transfer all embryos to a suspension culture in regeneration media and low light to 
recover the green germinating embryos. 



Embryogenesis was visually assessed in barley winter genotypes; OaC 
Elmira, GBC776, GBC779, GBC780 and GBC781, and spring genotypes, Trinity, 
25 Cooper, Golden Promise, Disa, Morex, Excel, EIrose, Bruce, Rodeo, H936 and 
Sabarilis. Effeaive embryogenesis was achieved with the cold plus mannitoi pre- 
treatmem over 3 to 4 days in 0.3 mol/Uter mannitoi at 4'C on these genotypes. Under 
these conditions about 2>000 plants per 10^ microspores, or about 200 plants per spike 
on responsive genotypes has been observed. 
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The method of ernbryogenesis for microspores according to ihe invenxion is 
effeciive for barley across a wide range of genotypes. In the above-noted barley 
genotypes, the production of embryo stmcTures led to a high percentage of 
regeneration iniiiaiion. 

Example ? 



The effect of the dmation of pre-treatment on ernbryogenesis from barley 
genotype Igri for spikes incubated with 0.3 mol/L manwitol ar 4°C. Table 3 illusrrates 

10 that as few as 4 days of pre- Treatment drasiically effects the number of embryos 
formed from microspores. Although the number formed increases up ro 28 days of 
pre- treairaent, only a 4 day period is required to achieve beneficial effecis. It was 
found that duration of pre- ireatmem was not critical to achieving effective response 
in Igri. However, duration of pre-treaiment did appear lo effect Oxbow as previously 

1 5 mentioned, and as illusiraied in Table 2. 



20 



25 



Table 3: Effect of duration of pre- treatment on embryo formation 
from spikes at 4'C in 0.3 moiyiirer mannitoi 



Days in PreireatmenT 


# Embryos formed 


0 


0 


4d 


9579 


7d 


9693 


14d 


8981 


2ld 


9692 


2Sd 


10213 



The influence of the use of a suppon in culture media on the development of 
embryos and regeneration of plants from wheat microspores was examined in wheat 
microspores using geneotype Chris. Microspores were incubated in induction 
medium (MMS4 medium), either on a-suppon (Watman #2 filter disk) or in liquid 
medium (drop method). The preparation and use of falter paper has been described 
above. The drop method is prepared the same way, except the desired number of 
microspores are in a concentrated drop of liquid media which is put directly on top of 
the solid media. After 10 days to 2 weeks, a drop or two of fresh liquid media is 
added lo both the filter and drop system to help spread out the developing microspores 
so Thai more can develop. Table 4 illustrates the resuhs obtained from three 
replications. Examples of development are shown in Figure 4. 



Table 4: The Influence of culture media support system on the development ol 
embryos and the regeaerarion of plants from wheat microspores (Genotypes 
Chris) induced on MMS4 (without AGP). 



rreaimeni 


Plate # 


i^ELS 


gr. Plant 


albino 


Total 


% regen. 


% gr. reg. 


Filter 


1 


650 


350 


4 


354 


54 


54 




2 


615 


265 


3 


268 


44 


43 




3 


658 


390 


5 


395 


60 


59 




total 


1923 


1005 


12 


1017 


53 


52 


Drop 


] 


300 


130 


2 


132 


44 


43 




2 


300 


100 




100 


33 


33 




3 


300 


no 


3 


113 


38 


37 




total 


900 


340 


5 


345 


38.3 


37.7 



More than twice as many embryos were induced per plate using a suppon 
during induction treatment than using incabaiion in liquid induction medium. The 



number of green plants obiained was more Than doubled by the use of a suppon 
during induction, which translates into a higher percentage of regenerated plants from 
embryos. The berter development on the filter may result from bener aeration on the 
filter paper. The pretreatment, isolation of microspores and media are the same for 
both induction and regeneration. 

These results demonstrate the benefit of using a support during embryo genie 
induction of microspores. Examples of development are shown in Figure 4. 

Examp le 5 

A comparison of regeneration media composition was conducted for wheat 
microspores induced on a medium in the presence and absence AGP. The 
regeneration medium was based on MMS4 medium having either 3% sucrose or 9% 
maltose as a sugar source, or in an AGP-containing medium based on MMS4 with 9% 
maltose. The microspores were either induced on a suppon, in this case, a Watman #2 
filter disk, or were placed on a solid media in liquid drops. 
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Table 5; Influence of Regeneration Media on Plant Development from Wheat 
(cv. Pavon 76) Microspores induced on AGP media, either on filxers (A) or as 
drops on solid media (B), 4 reps (Plates). 





jtvegen. .vieoia. 


^ 

s FT Q 


ft- urccn 
Plants 




/o rcgcn. 


/o rcgen 






498 


385 


10 


79.3 


77.3 






498 


235 


22 


51.6 


47.2 




AGP(M) 


498 


148 


17 


33.1 


29.7 




Totals 


1494 


768 


49 


54.7 


51.4 




MayTransf.** 


600 


291 


17 


51.3 


48.5 


B 


MMS,(SJ 


260 


172 


6 


68.5 


66.2 




MMS,(M) 


260 


122 


9 


50.4 


46.9 




AGP(M) 


265 


103 


10 ■ 


42.6 


38.9 




Totals 


785 


397 


25 


53.8 


50.6 




May Transf.** 


610 


296 


9 


50.3 


48.5 



* Sugar is 3% Sucrose (S), vs. 9% maltose (M) 

Later May transfer was from the MMS4 media only, and at that time there were another 
650 CO 750 smaller ELS that were not transferred. 



'is? 

20 

As can be seen in the results provided in Table 5, the presence of a filter 
suppon resulted in increased embryogcnesis and green plant production, as compared 
to induction of embryos in a liquid media dropped onto a solidified medium. Sucrose 
within the regeneration media was effective in producing a high percentage of green 
25 plants, however maltose was also found to be effective. Without wishing to be bound 
by theory, this may be due to the quicker release of energy from sucrose thai is 
required for regeneration. The addition of AGP to the regeneration media reduced 
the number of green plants produced. This result may indicate that AGP is important 
in the initial stage on induction media but not at later stages. 
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The effect of AGP on embryogenesis and plant regeneration was assessed in 
wheat microspores which were isolated from genotype Pavon 79 according to the 
method of the present invention. Embryogenesis results are presented in Table 6 and 
5 plant regeneration data is provided in Table 7. aGP Levels of 0, 1, 5, and 10 mg/liter 
were tested. 



Table 6. Response of wheat isolated microspore cultures to varying levels of 
aGP in MMS4 medium, with and without ovaries. Two reps of cv Pavon 79. 



15 



Treatments 


Totals 


# a live 


# alive 


#dead 


#multi 


#mLilti- 


#embryos 






Micro 


and 


nor 


micro 


-cellular 


cell 


30 days 


AGP 


ovary 


spores 


dividing 


dividing 


spores 




burst 




mg/L 




D 10 


dZO 


d 10 


d 10 


d 10 


dlO 




0 




102805 


6930 


5775 


83500 


6600 


0 


0 




+ 


105925 


16305 


4950 


6834S 


12850 


U25 


1650 


1 




89825 


22125 


5650 


47558 


13750 


400 


0 






92575 


22605 


2S05 


47175 


18500 


1072 


2130 


5 




9S015 


26152 


8275 


34500 


28345 


742 


0 






102280 


18272 


7600 


30250 


39078 


7080 


3393 


10 




110745 


33275 


6250 


24650 


41950 


4620 


50 






10S305 


8500 


0 


23550 


68000 


15452 


4250 



Numbers at day 10 were estimaTed by counting Them in a square area and multiplying by 1 .65 X lO^ 
Three areas were counted per plate and averaged, then the 2 reps were averaged. To estimate the 
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numbers of embryos at day 30, one quaner of the plaic was disaecied and coumed including all sizes of 
embryos. 



10 



15 



20 



25 



To obtain regeneration data as shovsni in Table 7, 250 embryos from one plaxe 
were Transferred to regeneration media. A significan: improvement in embryogenesis, 
regeneration and % green plant production resulted from the addition of 10 mg/L of 
AGP, using the genotype Pavon 79. Pavon 79 shows a higher frequency of albino 
plants than other genotypes. Additionally, the data illustrates the presence of ovaries 
in co-culture enhanced embryogenesis and plant regeneration. Only at 10 mg/liter of 
aGP was significant embryogenesis observed in the absence of ovary co-culrurc 
Figure 5(a) iilusirates the comparative response of wheat microspores to the presence 
or absence of wheat ovaries and 0 or 10 mg/L AGP, Figure 6 illustrates the good 
embryo structure developed in wheat after 4 weelcs on meditim with ovaries and 
AGP. 



Table 7: Regeneration plants from wheat microspores in the presence of AGP 
on induction media MMS^, cv Pavon 79 



Treaanems 


Total n of 


Totals of 


£mbiyos 


^ of plaints 


%of 




with 


micro- 


embryos 


transferred 








green 


regen. 


ovaries and 


spores 




to Regrv. 








plants 




AGP 


{XI 000) 




mcd. 












mg/L 








green 


Albino 


Total 






AGP 


















0 


103 


1650 


250 


37 


78 


115 


32 


46 


1 


90 


2130 


250 


48 


70 


118 


41 


47 


5 


98 


3393 


250 


50 


70 


120 


42 


48 


10 


in 


4250 


250 


129 


60 


189 


6S 


76 
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Preliminary experimems on both filter paper and on liquid media with ovaries 
were examined for embryo.^sponse in 0. 5 and 10 mg/liter of AGP in induction 
media. Table 8 shows the e:ffect of AGP on Pavon 79 isolated microspore culture in 
liquid medium versus as gro\yn on a filter paper support. The results are similar for 
liquid and filter paper at the 3 compared concentrations, and 10 mg/liter of aGP gave 
the best response. 

Table 8: The effect of AGP on spring wheat Pavon 79 isolated microspore 
culture on MMS4 medium in liquid medium versus filter paper on solid media, 
both co-cultured with ovaries.. 



AGP 


# Microspores 


Total 


Cone. mg/L 


Culmred 


Embryos/ Plate 




XIOOO 




0 Liquid 


106 


1650 


0 filter 


ca 100 


1769 


I Liquid 


93 


2130 


5 Liquid 


102 


3393 


5 Filter 


ca 100 


3080 


10 Liquid 


108 


4250 


10 Filter 


ca 100 


4528 



The effect of AGP on microspore embryogenesis in the presence of ovary co- 
culture was assessed using Chris and Pavon 79 wheat genotypes. Media comprising 5 
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mg/liter and 10 mg/iiter of aGP were compared with a control medium, on 
microspore embiyogenesis in tlie presence of ovary co-culaue. The results in Table 9 
indicate that overall response of Chris to AGP is higher than the response of Pavon 
79. 

Table 9: The effect of A.GP on embryo development from microspores in spring 
wheat genotypes Chris and Pavon 79, using O.S ml drop on solid MMS4 medium 
with 3-4 ovaries. 





Chris 


Pavon 79 


AGP 


#of 


avg. # 


#of 




Cone. mg/L 


Reps 


embryos 


Reps 


embryos 


0 


3 


4007 


3 


2778 


5 


5 


5618 


3 


4155 


10 


5 


9S36 


3 


4681 



Example 9 



On the basis of data obtained in Example 8, Tables 8 and 9, illustrating that the 
highest conceniraiion of AGP tested (10 mg/liter) resulted in the best response in 
embryogenesis, higher concentrations of aGP were then tested. In an experiment 
with Pavon 79, concentrations of 0, 10, 25, 50, 100, 500 and lOOO mg/L were used in 
microspore culture with 4 ovaries around a drop of liquid medium with microspores 
on top of solidified medium. The results are shown in Table 10. 



Table 10; The effeci of AGP concentrations on microspore culture of spring 
wheat PavoD 79 in MMS4 liquid media (4 rep average data) 



AGP 


# at Day 12 


Day 50 


Cone. 
mg/L 


Alive 


Dead 


Divid- 

Ills 


Multi 

rplinlar 


ELS 


Toai 

Devclo 
ping 


^ of 
embryos 


0 


64.3 


62.7 


12.4 


23.5 


2.1 


38 


2862 


10 


69.3 


58.9 


23.9 


33.8 


8.7 


66.4 


4493 


25 


66.6 


69.3 


13.6 


38 


10.3 


61.9 


353S 


50 


47.9 


75 


10.7 


13.2 


5 


28.9 


471 


100 


66,4 


61 


17.3 


32.2 


2.9 


52.4 


3709 


500 


573 


61 


19.4 


27.7 


4.5 


51.6 


3267 


1000 


69.3 


56 


14.8 


28.5 


7 


50.3 


1821 



From The results obtained the AGP concentrations of 1 0 or 25 mg/iiier 
illustraie opiimal embryogenesis- However, higher concentrations can also be used. 
The microspore viability at day 12 was not significantly different from the control 
value with no AGP but the total number of developing strucmies improved in the 
presence of AGP. Ii was observed that 10 to 14 days in induction medium with AGP 
may be maximal as it appears that regeneration may be reduced with longer periods 
on medium with AGP. 

Example 10 

The effect of AGP concentration during embryogenic induction of bailey 
microspores in culture was examined. A wide range of concentrations was applied to 
microspores of cv. Igri as shown in Table 11. The AGP addition was effected by 
adding varying AGP concentrations in liquid FHG mediuni with 10- microspores onto 
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solid FGH medium. Using a drop of microspores on solidified MFHG medium, 
stracTures were counted under an inverted microscope. The proportion of alive and 
dead microspores was not estimated in these plates, but the developing microspores 
were much higher in the 0 mg control compared to wheat. Thus, the difference in 
5 response of barley to AGP day 10 is not as pronounced as in wheat. However, 
similar to the results for wheat shown, at day 50, the continued and more rapid 
development of the microspores with AGP was notable as seen in Figure 5(b) at 4 
weeks in culnire. 



10 Table 11: The effect of AGP on barley cv Igri isolated microspore development 
in liquid FHG medium after 10 days 



15 



20 



AGP Cone. mg/L 


Dividing within 
microspore 


Free 
Multicellulars 


Total 
Developing 


0 


33280 


33310 


65590 


2 


39600 


33550 


73150 


5 


43000 


38230 


81230 


10 


45280 


35750 


S1030 


25 


39880 


36030 


75910 


50 


57120 


39880 


77000 


100 


42900 


37730 


80630 


500 


35890 


57810 


73700 


1000 


38500 


41600 


80100 



25 Example u 



The response of isolated microspores to embryogenesis and plant regeneration 
from spring and winter wheat genotypes was visually assessed using the method 
according to the present invention with AGP in the induction media. Ail genotypes 
30 responded to the method by producing embryos and green plants from microspores. 
Table 12 shows the relative response of each genotype, ranked on a scale of 0 to 3, 
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10 



15 



20 



wherein 0 represents no response, 1 represents a low response, 2 a good response, and 
3 represents an excellem response. Boih embryogenesis and green plant iniiiadon 
were scored. In the winter genotypes, only 3 donor plants were available from a 
breeder so the sample was small. 



Table 12: Evaluation of Isolated iMicrospore Culture across spring and winter 
wheat genotypes (response rated on a 0 to 3 scale) 



Genotypes lesied 


Response 






Green plant regdneration 


Spring wheats 






Chris 


3 


2-3 


?avon 70 


3 


2-3 


Pavon 76 


3 


2-3 


Bob Whire S 


3 


"I 
:> 


Quanium 


3 


1-2 


Hanog 


3 


1-2 


Winter wheats 






2540 


3 


2 


OaC Montrose 


3 


3 


Harus 


3 


2 


Freedoiu 


-< 


2 


Hanover 


3 


2 


fiinduiea 


2 


na 


AC Morley 


3 


2-3 



25 The induction response in wheat is genotype independent as ii is in barley 

while the regeneration response is a Urtle more variable. The results with the winter 
wheat lines are based on only 3 donor plants obtained from a breeder after 
vernalization. Regeneration of Fimdulea was not conducted. Both Pavon and Bob 
White are quite variable cultivars and thus selections were cultured. Bob White S is 

30 an awnless selection. While induaion in media without AGP is also good, the 
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embryo development is nox as good as with AGP and thus regeneration is strongly 
influenced by aGP. 

All publications cited herein are incorporated by reference. Various 
modifications may be made without depaning Irom the invention. It is understood 
that the invention has been disclosed herein in connection with certain examples and 
embodiments. However, such changes, modifications or equivalents as can be used 
by those skilled in the an are intended to be included. Accordingly, the disclosure is 
to be construed as exemplary, rather th-an limiting, and such changes wiihin the 
principles of the invention as are obvious to one skilled in the an are intended to be 
included within the scope of the claims. 
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